tree. Weed-free plots were maintained similarly in 1993 and 1994. Cover crops were allowed to mature and were mowed during winter; some required an application of glyphoshate after maturation to control annual grasses that had germinated.
Trunk diameters were measured at a marked location ≈15 cm above ground level on May to Sept. 1992 , Mar. to Oct. 1993 , and Apr. to Oct. 1994 . These diameters were converted to trunk cross-sectional area (TCSA) for statistical analysis. The entire data set was analyzed with the GLM procedure (SAS Institute, Cary, N.C.) as a split-plot in time, where measurement date was the subplot. Because some trees died during the study, there were missing observations, and repeated measures analysis could not be performed. Because the treatment × date interaction was significant (P ≤ 0.001), data for each date were analyzed as a randomized complete-block design, and single-degree-of-freedom contrasts were used to compare selected treatments.
Results and Discussion
After 3 years, TCSAs of young pecan trees grown in weed-free conditions were significantly larger than those of trees grown with a cover crop (P ≤ 0.001) (Fig. 1) . Mean TCSA of weed-free trees increased 26.1-fold after the third growing season but increased only 13.2-fold for trees grown with any cover crop (Table  1) .
To test the interactive effects of treatment and time, another analysis was performed on the entire data set, where treatments were designated as weed-free or cover crop. The sums of squares due to the main effect of time and treatment × time interaction were partitioned into single-degree-of-freedom orthogonal polynomials. There was a significant treatment × time (linear) interaction, indicating that TCSA increased linearly over time and tree trunks of weed-free trees grew faster than trunks of trees grown in covers crops (Fig. 1) .
Growth differences occurred early in the experiment. By Mar. 1993, the mean TCSA of the weed-free trees was 4.3 cm 2 compared to 3.2 cm 2 for the cover crop trees (P ≤ 0.05). By June 1993, the mean TCSA of the trees in weed-free plots was 6.0 cm 2 compared to 4.2 cm 2 for trees with cover crops (P ≤ 0.01). Growing cover crops in pecan orchards is a common practice, and benefits from cover crops are well documented: 1) increased N concentration in pecan leaves, 2) soil-improving organic matter (White, 1981) , and 3) increase in predator insects for aphid suppression (Bugg et al., 1991) . However, cover crops can affect pecan growth adversely by competing for water and nutrients (Blackmon, 1948; Hardy, 1939) . Maintaining a weed-free surface under young pecan trees can increase tree growth compared to trees growing under weedy conditions (Patterson et al., 1991) . Also, growth and yield of young pecan trees increases in weed-free plots compared to weedy plots (Patterson and Goff, 1994) . In our study, we determined if commonly grown cover crops affect growth of young pecan trees.
Materials and Methods
Barerooted 'Desirable' pecan trees were planted in Winter 1991-92 on a 9.1 × 10.7-m spacing. The trees were drip-irrigated (two 7.6 liters/h emitters per tree) and were fertilized uniformly. The design was a randomized complete block with eight single-tree replications. There were 11 cover crops (Table 1 ) and a weed-free control. A 3 × 3-m area immediately around the tree was maintained for each
CROP PRODUCTION
Trunk sizes of trees grown with the various cover crops were similar, but those of trees grown under weed-free conditions were larger than those grown with nutsedge competition by the end of the second season (Table 1) . Nutsedge is of special interest as a weed because low rates of glyphosate eliminate species that compete with nutsedge.
In this study young pecan trees under weedfree conditions grew faster than those subjected to competition, regardless of the competing species. Patterson and Goff (1994) reported initial production of trees grown without weed competition was enhanced. In their study, trees grown in a weed-free environment yielded 2204 kg•ha -1 through the seventh growing season. Conversely, trees grown with no weed control yielded only 394 kg•ha -1 of pecans over the same time period. Our research demonstrates that a broad range of competing species has similar effects: all cover crops appear to reduce growth, and probably yield, substantially.
With the high cost of establishing a pecan orchard, early and abundant yields are important. Weed-free strips within the dripline of young pecan trees may help accomplish early yields (Patterson and Goff, 1994) . However, a system of growing cover crops in the tree row middles, while keeping the area immediately surrounding the young trees weed free, appears to benefit young trees without impairing benefits derived from cover crops. ) and where cover crops were grown ( ). Significant at P ≤ 0.05, 0.01, or 0.001; where astericks appear is the first point at which significance occurs.
